Thrombocytopenia is common in patients with invasive bacterial infections. Bacteria can activate platelets, but it is unclear if this affects platelet count. The aim of this study was to examine whether bacteraemia with Staphylococcus aureus, which readily activate human platelets, was more likely to be complicated by thrombocytopenia than bacteraemia with Escherichia coli or Streptococcus pneumoniae with different abilities to activate platelets.
Introduction
Invasive bacterial infections can cause sepsis, a clinical syndrome with high mortality, reflecting an inflammatory response to an infectious agent [1] . Among the most prevalent causative organisms in community-acquired sepsis are Staphylococcus aureus, Escherichia coli and Streptococcus pneumoniae [2] [3] [4] .
Thrombocytopenia (platelet count <150 000/μl) is common in patients with sepsis [5] . It is a marker of organ dysfunction and has been associated with poor prognosis [6, 7] . The cause of sepsis-associated thrombocytopenia is not fully understood, although many mechanisms have been proposed [5] . Research has mostly focused on the interplay of platelets with the immune system. Platelets can interact directly with microbial pathogens leading to activation with the release of cytokines and antimicrobial peptides [8, 9] . The capability of S. aureus to activate and aggregate platelets is particularly well characterised [10, 11] . For other major pathogens, less is known about bacterial-platelet interactions. Streptococcus pneumoniae has been shown to aggregate platelets in some studies [12] , but failed to activate platelets from patients with bacteraemia [13] . Less is known about interactions between Gram-negative bacteria and platelets; however, some strains of E. coli were recently shown to be able to activate platelets in vitro [14, 15] . There is no direct evidence that platelet activation by bacteria occurs to such an extent that platelet count may be affected significantly. To our knowledge, no study has systematically investigated the incidence of thrombocytopenia in invasive infections caused by different microbes. Our objective was to examine whether bacteraemic infections with S. aureus, which readily activate human platelets, are more likely to be complicated by thrombocytopenia than bacteraemia with E. coli and S. pneumoniae that have different abilities to activate platelets.
Methods

Study design
We conducted a retrospective cohort study, assessing the risk of thrombocytopenia in adults aged ⩾18 years with community-acquired S. aureus bacteraemia compared with patients with bacteraemia caused by E. coli and S. pneumoniae in the Region of Skåne (1.3 million inhabitants) in Southern Sweden, from May 2012 to December 2012, linking information on positive blood cultures from microbiological databases and medical charts.
Information on blood cultures was retrieved from databases from the microbiological laboratories serving the 10 hospitals in Skåne. Linkage of information from the different databases was possible due to the personal identification number that is assigned to all Swedish citizens for life [16] . The study was approved by the local Ethics Committee (Dnr: 2013:31).
Data collection
Charts were systematically reviewed and data were collected according to a pre-specified protocol. Data collected included date of birth, sex, underlying diseases, physiological parameters at admission, laboratory values at admission and the most extreme laboratory values, site of infection, admission to an intensive care unit (ICU) and the type of ICU care that was given, length of ICU and hospital stay, in-hospital mortality and the registered diagnosis as well as the reported cause of death.
Thrombocytopenia was defined as a platelet count below 150 × 10 9 /l. Hypotension was defined as systolic blood pressure <90 mmHg or treatment with vasopressors. Hypoperfusion was defined as maximum P-lactate level of >3.2 mmol/l or minimum base excess value <−5 in patients without chronic kidney failure. Organ dysfunction was defined as follows: respiratory dysfunction -oxygen saturation of ⩽86% or ⩽78% if pneumonia or mechanical ventilation; renal dysfunction -S-creatinine increase >45 µmol/l in patients without chronic renal disease, or treatment with continuous renal replacement therapy (CRRT) or haemodialysis; liver dysfunction -S-bilirubin >45 µmol/l in patients without liver disease, acute cholecystitis or cholangitis; neurological dysfunction -altered mental status; coagulopathy -activated partial thromboplastin time (APTT) >60 s in patients not treated with heparin or international normalised ratio (INR) >1.5 in patients not treated with warfarin (platelet counts were not included).
Hypoperfusion and organ dysfunction were calculated in patients with at least one measured and interpretable value, missing data were regarded as within the normal range.
Statistical methods
The χ 2 , rank-sum, Kruskal-Wallis tests and analysis of variance were used to assess the distribution of risk factors for thrombocytopenia between different bacterial species and between different exposure groups. The proportion of thrombocytopenia was calculated for the three bacterial species. We used logistic regression to estimate the odds ratios (OR) for thrombocytopenia according to bacterial species. The aim of the study was to explore if bacterial species affected the frequency of thrombocytopenia and not to predict the risk factors for thrombocytopenia per se. We therefore selected potential confounders to this association a priori from factors known or suspected to be associated with thrombocytopenia and invasive bacterial infection from S. aureus, E. coli or S. pneumoniae [6] . The covariates were first examined separately in univariable models and were then entered into different models including age, sex, comorbidities, markers of severity of disease (organ dysfunction, hypoperfusion, hypotension and ICU care) with bacterial species as the main explanatory variable [17] . Models were compared using the Akaike's information criterion; goodness of fit of the final model was assessed using the Hosmer-Lemeshow test; the overall explanatory power of the model was assessed by calculating the area under the receiver operator curve curve.
ORs were also estimated in subgroups of participants classified according to age, sex, severe sepsis and ICU care. Homogeneity of estimates across subgroups was assessed using likelihood ratio tests. All analyses were performed using STATA/SE (version 13.1 for Windows; StataCorp LP, College Station, TX, USA).
Results
Cohort selection
In total, we identified 300 patients with S. aureus, 719 with E. coli and 65 with S. pneumoniae bacteraemia in the microbiological database. Of these 1084 patients, 139 were excluded because their charts were incomplete or inaccessible; 149 episodes were not community-acquired (blood cultures were drawn 48 h or more after admission to a hospital); 25 patients were younger than 18 years; 125 patients had not had their platelet count measured; and 44 patients were excluded since their platelet counts were not evaluable due to haematologic disease or to chemotherapy treatment. In two patients who experienced recurrent bacteraemia, only the first episode was included. Finally, 600 episodes of bacteraemia (140 S. aureus, 420 E. coli, 40 S. pneumoniae) were included in the analyses.
Overall, 48% patients were female and median age was 77 (interquartile range (IQR) 65-84). In-hospital mortality was 10%, and median length of stay was 8 days (IQR 5-13). Eight per cent were admitted to an ICU. Basic demographic and clinical factors and patient data according to the bacterial species are shown in Table 1 . /l (IQR 159-239) (P = 0.28). There was no significant difference in the proportion of patients with thrombocytopenia among the different bacterial species, 29 in S. aureus, 28% in E.coli and 20% in S. pneumoniae (P = 0.50). Thrombocytopenia was associated with male sex, underlying kidney disease, admission temperature, respiratory rate, leucocyte count, lactate, liver failure, kidney failure, hypotension, hypoperfusion and ICU care. Pulmonary disease was associated with not having thrombocytopenia (see Supplementary  Table S1 ).
We found no evidence of an increased risk of thrombocytopenia in S. aureus bacteraemia as compared with bacteraemia with E. coli or S. pneumoniae when adjusting for potential confounders in a multivariable logistic regression model, OR was 1.2 (95% confidence interval (95% CI) 0.7-1.9), adjusted for age, sex, comorbidities, hypotension, hypoperfusion, organ failure and ICU care, see Table 2 .
There was no difference in the crude bacteria-thrombocytopenia association between the subgroups with any or no missing values, ORs were 1.0 (95% CI 0.7-2.5) vs. 1.3 (95% CI 0.6-1.9), respectively (P = 0.60).
Subgroup analyses
We did not observe any statistically significant differences in the ORs of thrombocytopenia according to the bacterial species in the different subgroups of age (P for test of homogeneity = 0.88), sex (P = 0.37), severe sepsis (P = 0.88) or treated in an ICU (P = 0.98) (see Figure 1 ). 
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Thrombocytopenia as a risk factor for death
Patients who were alive at discharge had a median nadir platelet count of 199 × 10 9 /l (IQR 144-260), whereas patients who died during hospitalisation had a median platelet count of 166 × 10 9 /l (IQR 115-218) (P = 0.02). However, after adjusting for age, sex, comorbidities, hypotension, hypoperfusion, organ failure and ICU care, no significant difference in in-hospital mortality could be detected, OR for death in thrombocytopenic vs. non-thrombocytopenic was 1.0 (95% CI 0.4-2.1).
Discussion
We investigated the frequency of thrombocytopenia in 600 consecutive adult patients with community-acquired bacteraemia caused by S. aureus as compared with E. coli and S. pneumoniae [2] [3] [4] . In our study, up to a third of the patients had a decreased platelet count, but there was no association between bacterial species and the occurrence of thrombocytopenia.
Thrombocytopenia is common in invasive bacterial infections [5] , and a drop in platelet count is used as one of several markers of organ dysfunction which in turn are diagnostic criteria for sepsis [18, 19] . However, the causes of sepsis-associated thrombocytopenia are not entirely elucidated [5] . One of the proposed mechanisms is direct interaction between bacteria and platelets [20] . A number of pathogens that cause sepsis have been shown to activate and aggregate platelets [8] . In most of these pathogens, including in S. pneumoniae and E. coli, this ability seems to be confined to some or even few strains [12, 14, 15] . Contrarily, it appears that most clinical isolates of S. aureus from bacteraemic infections readily aggregate platelets [13] . Gafter-Gvili et al. investigated thrombocytopenia in bacteraemia with S. aureus and found a strong correlation between thrombocytopenia and increased mortality, leading to the speculation that thrombocytopenia in part might be attributed to platelet aggregation induced by the bacterium [21] .
While, to our knowledge, no study has compared the incidence of thrombocytopenia in bacteraemia caused by specific species in b Calculated among patients with a measured and interpretable value. Kidney dysfunction was defined as an increase >45 µmol/l in S-creatinine in patients without chronic kidney dysfunction or treatment with dialysis or CRRT; liver dysfunction was defined as: S-bilirubin >45 mmol/l in patients without chronic liver disease or diagnosis of acute pancreatitis, cholecystitis or cholangitis; hypoxemia was defined as oxygen saturation <87% or <79% if pneumonia or mechanical ventilation; coagulation dysfunction was defined as: INR>1.5 or APTT>60 s in patients without warfarin or heparin treatment. Platelet count was not included in the definition; hypoperfusion was defined as any lactate >3.2 mmol/l or base excess ⩽−5 in patients without chronic kidney failure; hypotension was defined as systolic blood pressure <90 mmHg and/or treatment with vasopressors. c Continous renal replacement therapy. adults, there are reports on the incidence of thrombocytopenia in Gram-positive and Gram-negative bacteraemia, mainly in neonates. Some of these studies have found thrombocytopenia to be more common in Gram-negative sepsis [22] . In contrast, Manzoni et al. did not find such a correlation [23] . Aydemir et al. reported a longer duration of thrombocytopenia in adults with sepsis (defined as the presence of a systemic inflammatory response syndrome and positive blood cultures) in Gram-negative and fungal infection than in Gram-positive bacteraemia [24] . Since these studies included different proportions of communityand hospital-acquired infections, the distribution of microorganisms varied considerably. This makes it difficult to draw definite conclusions based on previous research on the role of specific organisms in sepsis-associated thrombocytopenia.
In the present study, there was no association between specific bacterial species, with apparently different abilities to induce platelet activation, and thrombocytopenia, indicating that there is no strong causal connection with bacterial platelet activation and a drop in platelet count. It appears likelier that other factors, such as the inflammatory response by the innate immune system, are more important for sepsis-associated thrombocytopenia. This does not, however, exclude a significant role for bacterial activation of platelets in severe bacterial infections. Platelets binding to bacteria increase virulence in animal models of infective endocarditis with S. aureus and Streptococcus gordonii [25] [26] [27] [28] , and binding to platelets has been shown to promote dissemination of bacteria in a mouse model of sepsis with Streptococcus pyogenes [28] .
A strength of our study is that it is population-based, including all consecutive patients in a confined geographical area during the study period. A limitation of the study is the retrospective design, resulting in a large proportion of missing values on lactate and bilirubin. Reassuringly, though, there was no difference in the crude bacteria-thrombocytopenia association across the subgroups of patients with no missing values vs. patients with any missing values. Platelet counts were not available for all patients, but there was no association between missingness and bacterial species.
Bacteraemia with sepsis is common, and only critically ill patients are admitted to an ICU. This likely explains the difference in overall mortality between our cohort and recent studies of severe infections that were carried out in ICUs [6, 7, [29] [30] [31] . It should be noted, though, that thrombocytopenia was not associated with mortality in our study, neither among all patients or among those infected with S. aureus.
In conclusion, this study indicates that platelet activation by bacteria is not a main mechanism behind sepsis-associated thrombocytopenia.
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